The Brazilian Scientific Mobility Program -Science without Borders (SwB) -saw the concession of over 101 thousand scholarships for Brazilian STEM students and education professionals to attend universities worldwide. As the first phase of this program ends, it is time to take a first look at its impacts, mainly on the undergraduate student body (79% of total scholarships implemented). Benefits included a 6-month language course (optional), a one year undergraduate course and optional 2 month internship in a university, government laboratory or technology company. Positive impacts have been seen on entrance into postgraduate programs (>20% of SwB students compared to <5% of the overall student body of similar fields), as well as high representation of lower income families (>50% from families with less than 6 minimum wages per month). The impact of the program will need to be evaluated over the next years, but innovation on the part of the students is already apparent. Any new SwB program needs to take into account the lessons learned from this first experience and therefore recommendations are presented.
As the economy becomes more knowledgeintensive (Martin 2012), the need for academics to link their work more closely to economic needs becomes more evident. The State therefore has more specific requirements as to the production of universities with respect to increasing the scientific content of technologies (Suzigan and Albuquerque 2011).
The Brazilian public university system has experienced extraordinary growth over the past 15 years, creating numerous new universities and campi throughout the country, substantially increasing the opportunities for better quality higher education. The same happened with postgraduate education (Masters and PhD). Currently, there are over 4,300 postgraduate programs, and more than 250 thousand students, over 100 thousand of which are doctorate students. Brazil annually produces about 18 thousand PhDs and 55 thousand Masters. At this rate, Brazil will have an average of 2 PhDs per thousand inhabitants in the coming years, far from developed countries with averages between 5 and 20 PhDs per thousand inhabitants (OECD 2015a) . The expansion of the university system absorbed most new PhDs, and 75% of PhDs in the country are currently working in universities and government agencies (CGEE 2012) , with a significantly lower number employed in companies and businesses (Santos et al. 2014) , unlike the industrialized countries where innovative companies hire most of the PhDs (OECD 2015a) .
For countries such as Brazil, where a gap can be identified between university output and scientific and technological needs (Barata 2014) , the interactions between universities and firms are fundamental in terms of institutional building and require modernization to compete in today´s world. According to ortega and Bagnato (2015) , activities conducted in a university environment are important as these are no longer institutions just for training human resources and course administration, but are now shapers of behavior and skills for the development of innovation. According to these authors, in countries such as Brazil, the practice of innovation through public universities is incipient and needs to be enhanced through the adoption of specific measures. Unfortunately, the available literature is too limited to be able to clarify how the universities of such countries practice innovation.
University-industry (U-I) cooperation generates innovation, learning, and mutual benefits (Closs and Ferreira 2012) , and Universities are also a player or key partner for most of the 70 start-up technological parks/centers established in Brazil in the past two decades, where innovation is the main objective. Freire (2011) showed the importance of postgraduate training for Biotechnology companies in Brazil, and of the 11 cited biotechnology parks with incubated companies, 6 are in public universities. According to Carrer et al. (2010) , in Brazil, around 85% of all incubated companies have strong bonds with universities or research institutes. There is still plenty of room for growth in U-I technology transfer as most U-I interaction is based on non-routine engineering, technical consultancy and human-resource training (rapini 2007) . Nager et al. (2016) indicate that 20% of innovations are collaborations between multiple institutions, and half of these are public-private partnerships between private companies and universities or government research labs. Public research labs in the US were involved in 13 percent of innovations, and universities accounted for another 7 percent. The main indicators of immaturity in the Brazilian innovation system include a low proportional density of researchers in the country as stated above, a persistently unstable funding structure (Helene and Ribeiro 2011) , imbalances between areas of knowledge, and the predominance of a cross-sectional pattern of research induction that tends to separate public and private sector priorities (Guimarães 2014). of 40 countries surveyed, Brazil had the lowest percentage of STEM degrees in 2012 at 11% (oECD 2015a), a very small number of international patents, with most of them by universities and not by innovative companies (Zawislak and Dalmarco 2011).
on the other side is the number of staff trained for research -68,507 lecturers in the post-graduate system -which has produced important new knowledge in recent years, meaning that Brazil is the 13 th generator in the number of scientific papers worldwide (Almeida et al. 2013) . Nevertheless, the impact of these papers, as measured by citations in the scientific literature, is less than the world average, with most Brazilian research being cited by Brazilians (Ponomariov and Toivanen 2014) . Brazil is a user of technology-oriented knowledge rather than producer, which leads to the question of how to make national science more visible and show higher impact. In all diagnoses the recurring theme of the urgency of internationalization of Brazilian universities, increased cooperation with advanced research centers around the world and more joint production of new knowledge with research-
ers from other countries becomes evident. Furtado et al. (2015) shows that the homogeneous development of research institutions and environments throughout the country is negatively impacted by restricted mobility. The internationalization of Brazilian universities is required to make higher education responsive to the requirements and challenges of a globalized society. This international mobility refers to both faculty and students. The internationalization of these universities has the potential to transform the lives of international students and has a supporting role in the growth of science and knowledge through intense academic exchange as well as to aids in building social and economic capabilities. The impact of this process persists over time and so investments made need to be consolidated through well-structured public and university policies.
This also requires that a much greater number of foreign students come to study in Brazil. In particular, for post-graduate education, less than 2% of graduate students in the country are foreigners, a figure much smaller than the post-graduate education system of developed nations where it ranges from an average of 14% at the Masters´ level to 24% at the doctorate level in oECD nations, with Switzerland having 52% foreign students at the doctorate level (oECD 2015b). Most of the approximately 4000 foreign graduate students in Brazil come from Spanish or Portuguese-speaking countries in Latin America and Africa, with Columbian students making up 35% of doctorate and 39% of masters students, followed by Peru with 21% overall (Figure 1 ). Almost all of these students are within the PEC-PG (Programa de Estudantes -Convênio de Pós-Graduação) run by CAPES (doctorate), CNPq (Masters) and the Ministry of Foreign Affairs.
Today, no Ph.D. programs in Brazil are fully carried out in English (although students may present their theses and dissertations and individual disciplines may be taught in this language), unlike those in other non-English speaking countries such as the Netherlands, Japan, or Norway, to cite just a few. Therefore, science mobility is necessary in both directions according to the paradigm of 'brain circulation' rather than the less desirable 'brain drain' or 'brain gain'. Graduate programs-especially a large fraction of the more than 400 Ph.D. programs ranked as of international excellence by CAPESneed to adopt English as their working language to become truly internationalized, which is seen as a gargantuan challenge due to the deeply seated cultural attachment to Portuguese by graduate students, due in part to inadequate knowledge of English (Foster 2014) .
In light of the relatively low international mobility of Brazilian students, the Presidential Decree 7642/2011 instituted the Brazilian Scientific Mobility Program, also called Science without Borders (SwB). The program was created as a response to deficiencies noted within the Brazilian superior education system as well as to follow a directive presented by National Postgraduate Plan (NPP). Its goal consisted in contributing to the internationalization of Brazilian universities, improving Brazilian researcher mobility, increasing the qualification within the STEM areas (science, technology, engineering and mathematics), and still, consequently, changing the innovation paradigm in the Brazil. The SwB included, from 2015 (Resolução Normativa CNPq 017/2015), the professional masters program, to attend another directive present in the NPP which was the approximation between productive sector and academia, as well as improve the possibility of innovation outside the university environment, trying to follow the principles of the Triple Helix Model (Leydesdorff and Etzkowitz 1998, Ranga and Etzkowitz 2010) . Data from 2011 to 2015 show that the main areas of full doctorates abroad paid by Capes were in the social science areas (Figure 2 ).
This program was a five year "social experiment", sending 92,880 Brazilian students
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CoNCEPTA MCMANUS and CArlOS A. NOBrE and higher education professionals to study abroad for periods varying from one (undergraduate, sandwich doctorate, visiting scholar and post doctorate research) to four years (full doctorate).
The program also included 6 months training in a foreign language before beginning the university studies, when necessary, as well as a two month internship afterwards for undergraduate students. It should be noted that the last general calls for scholarships within the program were in 2014 effectively ending the program.
ReSultS
Most of the scholarships offered within the SwB program were completed by 2016. The program was under the guidance of the Home Secretary´s office (directly linked to the president), with CAPES (Brazilian Agency for Postgraduate Education) and CNPq (National Science Foundation) being the two federal agencies responsible for program implementation, with approximately 70% of the scholarships being implemented by CAPES. These are now beginning to evaluate the results of the program. The program should be evaluated compared to the originally pre-defined objectives. While it is still too early to estimate the impact of the program on technology issues and innovation in Brazil or even its contribution to the internationalization of Brazilian universities, the initial results are encouraging. The last graduate students returned from abroad at the end of 2016 and there is need for at least five years after their return to evaluate their entry into the labor market or postgraduate school. The analysis here will concentrate on undergraduate students who made up 79% of the students sent abroad. Much data can be found on the SwB control panel (http://www. cienciasemfronteiras.gov.br/web/csf/painel-decontrole), but here we look more closely at some particular aspects of the program results.
Goal 1: Increase the presence of researchers and students at all levels in foreign institutions of excellence;
A total of 73,353 undergraduate students were sent for an academic year to 2,912 universities, including 182 of the top 200 universities in the world in "Shanghai Ranking -Academic Ranking of World Universities" 1 , from 54 countries ( Figure   3 ), as well as 87 of the top 88 universities in the US. of these students, more than 40% had optional summer internships at university, government and industrial laboratories, further expanding their involvements with innovative environments. Internships took place in companies such as Boeing, AbbVie, Amgen, Merck, Cargill, Dupont, and in government laboratories such as NIH and NASA, among many others. Brazil increased the number of students and researchers abroad from a pre-SwB average of around 5 thousand per year to more than 40 1 High correlations were seen for this question between Shanghai, Times Higher Education and QS rankings Most scholarships were implemented in the USA, followed by the UK, Canada, France and Australia (Figure 6 ). This is in line with the major mobility scholarships implemented by other countries (Kim and Locke 2010, Chang and Kono 2014) . The University of Toronto received the highest number of students (1,218) followed by the University of California (all campi) (1, 196) and California State University (949). Most students originated in São Paulo State (19,232), followed by Minas Gerais (15,925) and Rio de Janeiro (8, 126) .
The number of scholarships varied per the region of Brazil where the student resided (Figure 7) , with a greater proportion in the Northeastern (NE) region for undergraduate scholarships followed by the Southern (S) and Southeastern (SE) regions. This may reflect the investments made in the NE in university education in recent decades as well as the result of recent efforts to promote increased balance among higher education institutions between Brazilian regions (Capes, 2010) , while the postgraduate (B) distribution reflects the overall level of development of the postgraduate system in the S and SE regions. This assessment shows encouraging preliminary results on social inclusion. Fifty-two percent of sandwich-type undergraduate students come from families with incomes up to six minimum wages and 75% up to 10 minimum wages ( Figure  8 ). Considering all undergraduate students, 25.5% of those replying to a CAPES questionnaire (62 thousand replies) declared themselves of AfroBrazilian descendency (Figure 9) , close to the level of 
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CoNCEPTA MCMANUS and CArlOS A. NOBrE the participation of this ethnic group in the Brazilian university system (23%). The same questionnaire found that 695 students indicated having some deficiency, mostly visual (48%), and 42% were already in the work place, mostly with part time or sporadic work. 10% indicated that they worked full time in Brazil as well as studying. As to their high school education, 31% came from public schools and another 20% from private schools where they had a scholarship. These are positive results that were not anticipated. These young people had a unique opportunity to spend a year at a top university, become fluent in another language and gain an international experience that will certainly open professional and personal paths that they would be unlikely to attain otherwise. It is worthy of note that, of the 5,408 SwB students registered in the Ministry of Labour (2013/2014), 54% were in the engineering area, followed by 12% in computing and 9% in biology. 44% of the undergraduate students on SwB were female, somewhat less than the overall number enrolled in undergraduate courses in universities in Brazil with 55% of enrollments and 60% of those graduating. Nevertheless, when we look at STEM areas there is tendency for this percentage to fall (47.4% female and 52.5% male) (Data from Education Census 2013, Brazil). In postgraduate education, approximately 54% of the students sent on sandwich doctorates were female, in line with the 52% doing postgraduate work in STEM areas (Capes postgraduate data base -Sucupira 2013-2015).
Goal 2: Invest in training of highly qualified personnel in the necessary skills and abilities to the advancement of a knowledge based society
The longer term impacts of SwB can be assessed by analyzing those participants who have completed undergraduate courses in Brazil after returning from abroad. The present study is exploratory, as not all students have returned from abroad and many that have returned have not yet completed their undergraduate education. A mandatory criterion for participation in SwB was a score of least 600 points in the ENEM (national end of high school exam). Of the 2011/2012 cohorts (analysis sample of undergraduate 12,517 students, the only ones for which full data are available), more than 20% subsequently enrolled in Master's and PhD courses, a far greater number than the < 5% of graduates in the same priority areas of SwB and > 600 points in the ENEM (Figure 10) . The monitoring of graduates should continue to assess the impact of this program both for the internationalization of Brazilian universities and for the emergence of more young innovators and entrepreneurs within the domestic industry.
Goal 3: Expand the innovative knowledge of personal in technological industries;
The innovation of the program´s students is already evident from their actions back in Brazil. The creation of a SwB Network shows this clearly with 15 core groups in home universities created by the students themselves (www.redeCsF.org), with plans to create an international core. These actions include the creation of a FabLab, a digital fabrication laboratory that facilitates prototyping ideas, encouraging innovation and invention and the opening of a German office in Minas Gerais State, led by a former scholar who promoted meetings between German researchers and local farmers to discuss the use of alternative energy methods.
SHARING KNoWLEDGE AND ENTREPRENEURSHIP
Back in Brazil, alumni use the knowledge acquired abroad to improve the academic development of those who remained in the country. Here we can cite examples such as those students who held 
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CoNCEPTA M CMANUS and CArlOS A. NOBrE short courses at their universities of origin on the knowledge obtained abroad, as well as the creation of the Language Network at the Federal University of Viçosa including English, French, German and Italian classes, aimed at teaching foreign languages to high school students. A book written by an exalumni "The man who saved New York from lack of water" seeks to help in the discussion of the global water crisis, bringing twelve stories of sustainable solutions to environmental problems, mainly on the issue of water. Alumni are also establishing partnerships with NGos to obtain fi nancial support for undergraduate projects. Polyteck magazine, created by an exscholarship holder, is an education and science communication project, seeks to complement the training of Brazilian students and an application that promotes female empowerment in business through digital platforms was fi nanced by NASA and was a fi nalist in competitions organized by the UN and Google. Another ex-student fabricated a 3D printer, used in the manufacture of prototypes, and created his own business while another founded
The Pilot School for Chemical Engineering, based on his experience abroad. The initiative has already impacted more than 300 graduate students. These are just a few of the results that have been identifi ed, but a fuller investigation will need to be carried out once the full impacts of the program can be measured.
Goal 4: Promote international insertion of Brazilian institutions by opening similar opportunities for foreign scientists and students; and Goal 5: Attracting young scientifi c talents and highly qualifi ed researchers to work in Brazil.
With the implementation of the program, Brazil appeared on the radar of the countries that are the largest producers of world knowledge. Thus, Capes signed 184 agreements with countries from the United States to China and Sweden to Australia. on the down side, without a constant sustainable program, countries and universities that received a large number of students during SwB have seen these numbers dwindle considerably which can also aff ect the diplomatic and academic relationships between these institutions. Preliminary results show that 33% of the first group of young researchers from abroad, attracted by SwB, were contracted within the Brazilian universities. 775 renowned scientists have been working, publishing and innovating with Brazilian researchers, including Nobel Prize Winner, Swiss scientist Kurt Wüthrich. All regions received senior researchers from abroad aiming at distribution of knowledge throughout the country as regions such as the Midwest, Northeast and North are frequently cited as being less well developed. The impact of this should be seen in the next few years with an increase in the quality and impact of research published in Brazil, as well as an increase in innovation and technology in the STEM areas. Nevertheless, the original goal of attracting 2,000 visiting scientists and 2,000 young scientists was not met (Table I) , and it highlights some of the difficulties of implementing the concept of "brain circulation", a more meaningful way of cooperation in comparison with "brain drain" or "brain gain".
The program received some criticisms from the participants in a survey carried out by the Brazilian Senate (http://www25.senado.leg.br/web/ atividade/materias/-/materia/119979). Frequently selection of the University for study and student placement was carried out by international agencies. Where in the senate study, 43% rated the former as regular to very bad, and 15% considered the university where they were placed in these same categories, which obviously needs to be reviewed for future programs. Some students experienced difficulty in having the class credits obtained abroad recognized back in their original university in Brazil, while others were not able to study in their university of choice. Nevertheless, the overall evaluation showed 97% of the students evaluate the experience as good or great. Some similar results were seen by Filippini et al. (2016) with SwB students in Italy.
Another comment received was the low number of students in the top 25 universities worldwide. If we look at admission numbers, universities such as MIT (Massachusetts Institute of Technology) or Harvard have intakes of approximately 1.100 to 1.600 students per year, while larger universities such as oxford or Cambridge take in approximately 3.200 students of all nationalities. The number of SwB undergraduate students sent abroad represents approximately 50% of all UK university admissions in a single year. The intake was also not in the first year of the course, which is the usual case, but in the middle, thereby requiring adaptation by receiving universities which normally function on a yearly basis, different from the semester and individual discipline choice system practiced by Brazilian universities. Many of the aforementioned universities were thereby unwilling/unable to change their admission systems to accommodate the SwB candidates. Another point important to note is that while a university may not be cited as "top" in the overall ranking, it may be better ranked for specific areas of knowledge, so care must be taken when making broad criticisms of this sort. Brazilian students generally did well academically, opening collaboration opportunities and expanding international visibility of Brazil in the educational, technical and scientific fields. Students of SwB received awards at several levels, including NASA Lunabotics Mining Competition and a suborbital flight award with the second Brazilian to have an experience in space being a SwB student.
As to the future, any new internationalization program should have annual planning and set sustainable budgets with intensive negotiations of fees and tuitions with international partners. The program should be based within the scholarship agencies and not directly under government control and should actively include universities and other government agencies in the formulation of the program stimulating the creation sustainable partnerships/networks between Brazilian and Foreign HEIs. The experience gained in completion of this first phase of the program recommends several improvements: 1) promote a greater participation of graduate students and researchers in post-doctoral stage, since the benefit for researchers in international centers of excellence is immeasurable; 2) send undergraduate students to a smaller number of pre-defined universities, but all cutting edge, and mainly involve the Brazilian university of origin of students in co-tutoring and internship monitoring abroad, expanding partnerships with target universities as well as preparing these young students for studying abroad (all bi-lateral agreements should be in place before the implementation of a new program); 3) distribute students more evenly over several countries and promote the exchange of students to increase the number of foreigners in Brazilian universities; 4) set specific budgets for the program that do not encroach on the basic funding of the science, technology and innovation system (noting that one of the relevant criticisms to SwB was the use of funding from the most important public research fund -National Fund for Scientific and Technological Development/FNDCT-for the payment of scholarships and fees for undergraduate students in SwB); 5) significantly increase the attraction of foreign researchers to the Brazilian university system; 6) exclude foreign language training abroad from the program, given the online system "Idioms without Frontiers" (http://isf.mec. gov.br/) is available for free to the candidates; 7) include non-STEM areas that are also important for the sustainable development of the country, as social and human improvement depend not just of hard sciences, but also other fields closely linked to creativity and subjectivity; 8) guarantee the recognition of study credits and degrees obtained abroad back in Brazil. Capes data show that there was about 47% of full credit recognition with problems varying from the student not requesting recognition to the university refusing, or overlap with credits already coursed by the student; 9) improved negotiations with the private sector in Brazil for funding scholarships in specific areas, especially targeted to the production sector (in the original proposal private companies were programmed to invest in approximately 26 thousand of the scholarships, but by 2015 this investment was about 20 thousand); and 10) develop mechanisms to consolidate the knowledge obtained in these internationalization programs back in Brazil.
The total cost of the SwB over four years is estimated to be (Brazilian reais) over r$ 13 billion or an average of r$ 131 thousand per undergraduate student compared with an annual cost of US$ 10 thousand for students in public universities in Brazil (oECD 2015b). This takes into account an increase in the dollar exchange rate from R$1.6/US$1 when the program was conceptualized in 2011 to R$4.1/ US$1 during 2015, when the highest number of students were abroad. This increase had a strong negative impact on the Brazilian postgraduate system, as funding authorities had to use their resources to maintain these students abroad. There is also a need for changes within HEIs for the adoption of practices related to Internationalization at Home as most of Brazilian student and faculty (Elsevier, 2015) may not have the opportunity to study abroad. Higher education internationalization programs following the guidelines laid down above can reduce significantly such costs.
SwB was an innovative experience and leaves us many lessons. The internationalization of Brazilian universities requires the international mobility of faculty and the student body seen in the program, but higher education institutions in Brazil need to be more actively involved in this process for it to be more sustainable and so that long-term partnerships can be cultivated with foreign partners.
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